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DNA replication origins in hyperacetylated euchromatin
fire preferentially during early S phase. However, how
acetylation controls DNA replication timing is unknown.
TICRR/TRESLIN is an essential protein required for the
initiation of DNA replication.Here, we report that TICRR
physically interacts with the acetyl-histone binding
bromodomain (BRD) and extraterminal (BET) proteins
BRD2 and BRD4. Abrogation of this interaction impairs
TICRR binding to acetylated chromatin and disrupts nor-
mal S-phase progression. Our data reveal a novel function
for BET proteins and establish the TICRR–BET interac-
tion as a potential mechanism for epigenetic control of
DNA replication.

Supplemental material is available for this article.
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Tens of thousands of replication forks coordinately oper-
ate to ensure that the human genome is replicated accu-
rately and entirely during every round of cell division.
Replication forks do not initiate simultaneously at the
start of S phase. Instead, they initiate throughout S phase
according to a stereotypical spatiotemporal program.
Cells that simultaneously activate too many forks rapidly
accumulate DNA damage, while cells with extreme de-
lays in replication fork initiation display chromosomal
instability (Smith et al. 2001; DiMicco et al. 2006). Dereg-
ulation of replication fork initiation causes genome insta-
bility in cancer, yet we know little about the mechanisms
that determinewhere and howmany replication forks ini-
tiate at different times during S phase.

DNA replication forks launch upon the coordinated as-
sembly of initiation factors at origins within the context
of chromatin. Origins compete for limiting amounts of
replication initiation factors, and chromatin structure af-
fects when, where, and how many forks initiate (Simon
et al. 2001; Karnani et al. 2010;Mantiero et al. 2011; Tana-
ka et al. 2011; Rhind and Gilbert 2013; Lubelsky et al.
2014). In particular, histone acetylation causes earlier

and more efficient replication fork initiation (Vogelauer
et al. 2002; Aggarwal and Calvi 2004; Aparicio et al.
2004; Kemp et al. 2005; Casas-Delucchi et al. 2011). Al-
though the mechanism by which chromatin acetylation
controls DNA replication initiation is unknown, the pre-
vailing hypothesis is that it stimulates DNA replication
by opening chromatin structure (Gindin et al. 2014).

In addition to relaxing chromatin structure, acetylated
histones directly bind transcriptional regulatory proteins
with acetyl-lysine-selective recognition modules called
bromodomains (BRDs) (Garcia-Ramirez et al. 1995; Tse
et al. 1998; Dhalluin et al. 1999; Fujisawa and Filippako-
poulos 2017). BRD proteins stimulate transcription by re-
cruiting multiprotein complexes to acetylated chromatin
(Rahman et al. 2011; Fujisawa and Filippakopoulos 2017).
We found that the BRD and extraterminal (ET) motif
(BET) proteins BRD2 and BRD4 physically interact with
the limiting replication initiation protein TICRR (also
known as TRESLIN in vertebrates and Sld3 in yeast)
(Kumagai et al. 2010; Sansam et al. 2010; Tanaka et al.
2011; Collart et al. 2013). TICRR–BET interaction abroga-
tion reduces TICRR binding to acetylated chromatin and
disrupts the normal spatiotemporal order of DNA replica-
tionwithin thenucleus of one cell type and inhibits overall
DNA synthesis rates in a second. These results indicate
that chromatin acetylation controls the efficiency and
timing of DNA replication initiation by recruiting a key
DNA replication factor via BRD proteins.

Results and Discussion

TICRR is a critical DNA replication initiation regulator
(Kumagai et al. 2010; Sansam et al. 2010). Cyclin-depen-
dent kinases (CDKs) control S-phase progression via
TICRR phosphorylation, and TICRR expression levels
determine S-phase length (Collart et al. 2013; Sansam
et al. 2015; Charrasse et al. 2017). The TICRRN terminus
contains essential CDK phosphorylated residues and crit-
ical binding sites for the DNA topoisomerase 2-binding
protein (TopBP1) and the MDM2-binding protein (MTBP)
(Fig. 1A; Sansam et al. 2010; Kumagai et al. 2011; Boos
et al. 2013). The biological roles of the TICRR C terminus
are largely unknown, although its evolutionary conserva-
tion suggests that it is functionally significant (Supple-
mental Fig. S1A; Sansam et al. 2010). Indeed, the Chk1
kinase interacts with part of the C-terminal conserved se-
quence to regulate replication fork initiation (Fig. 1A; Guo
et al. 2015).

To determine whether additional conserved TICRR C-
terminal sequences regulate DNA replication initiation,
we performed genetic rescue experiments in human cell
culture. Specifically, we induced expression of siRNA-re-
sistant wild-type or mutant TICRR transgenes in U2OS
cells before knockdown of the endogenous TICRR
mRNA and analyzed DNA replication phenotypes (Sup-
plemental Fig. S1B–D). As expected, TICRR knockdown
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cells displayed reduced thymidine analog (EdU) incorpora-
tion (Fig. 1B,C; Supplemental Fig. S1E; Sansam et al.
2015). This defect was rescued in TICRR knockdown res-
cue cells expressing a wild-type (TICRR-kd-WT) or a C-
terminally truncated (TICRR-kd-Δ1545-stop) transgene
(Fig. 1A–C; Supplemental Fig. S1E), consistent with previ-
ous work showing that the human TICRR C terminus is
nonessential for DNA synthesis in U2OS cells (Kumagai
et al. 2011).
Next, we investigated whether the TICRR C terminus

regulates the spatiotemporal replication initiation pat-
terns. The higher eukaryotic DNA replication program
is divided into three stages, which can be visualized by
pulse-labeling cells with EdU or by immunofluorescent-
labeling the replication factor PCNA (O’Keefe et al.
1992). At the start of S phase, euchromatin replicates in
small foci within the nuclear interior. During mid-S
phase, heterochromatin replicates in spots around the nu-
clear periphery and the nucleoli. At the end of S phase,
heterochromatin located in larger interior nuclear patches
replicates (Fig. 1D). We examined the spatial replication
patterns in asynchronously growing TICRR knockdown
and rescue cells. TICRR-kd-WT rescue cells displayed
spatial replication patterns similar to those of control cells
(Fig. 1D,F). In contrast, TICRR-kd-Δ1545-stop rescue cells
displayed an almost complete absence of nuclei with the
normal mid-S-phase replication pattern (P < 0.0001, two-
way analysis of variance [ANOVA]). Furthermore, they

displayed abnormal patterns consisting of the mid-S-
phase pattern with numerous foci in the nuclear interior
that resembled those of early S phase (Fig. 1E,F; Supple-
mental Fig. S2).
To determine whether the abnormal replication pat-

terns in TICRR-kd-Δ1545-stop rescue cells were caused
by loss of the Chk1 interaction, we examined TICRR
knockdown cells rescued with a TICRR mutant that re-
tains most of the C terminus but not the Chk1-binding
domain (Δ1806-stop) (Fig. 1A; Guo et al. 2015). Like
TICRR-kd-Δ1545-stop rescue cells, TICRR-kd-Δ1806-
stop rescue cells displayed normal levels of EdU incorpo-
ration (Fig. 1C; Supplemental Fig. S1E). However, unlike
TICRR-kd-Δ1545-stop rescue cells, TICRR-kd-Δ1806-
stop rescue cells displayed normal spatiotemporal pat-
terns of DNA replication (Fig. 1F). Thus, the TICRRC-ter-
minal half is required for normal spatiotemporal
regulation of DNA replication, and novel protein interac-
tions might be critical for this function.
To understand how TICRR contributes to the spatio-

temporal organization of DNA replication, we searched
for proteins that physically interact with its C terminus.
Through a yeast two-hybrid screen using a human TICRR
fragment (amino acids 1059–1910) as bait against a human
breast epithelial cDNA library, we identified BRD2 and
BRD4 as interactors (Supplemental Fig. S3A). BRD pro-
teins bind histone acetyl-lysine residues and mediate pro-
tein interactions with acetylated chromatin (Dhalluin
et al. 1999; Fujisawa and Filippakopoulos 2017). BRD2
and BRD4 contain two BRDs and an ET domain (Fig.
2A; Taniguchi 2016). Our yeast two-hybrid specifically
identified the BRD2 and four ET domains as interacting
with the TICRR C terminus (Fig. 2A; Supplemental Fig.
S3A). The ET domain mediates interactions between
BET protein family members and other proteins (Rahman
et al. 2011).
To define the TICRR C-terminal sequences that inter-

act with BRD2/4, we performed additional yeast two-hy-
brid tests. The BRD2 ET domain interacted with TICRR
fragments containing amino acids 1485–1660 (Supple-
mental Fig. S3B,C). By comparing vertebrate sequences,
we found that this TICRR–BRD2/4 interaction domain
(TICRR-BI) contains eight charged residues in a stretch
of 19 conserved amino acids (Supplemental Fig. S3D). To
test whether these residueswere necessary for the interac-
tion, we mutated them to alanine within the TICRR
1059–1910 bait (TICRR-8A). Indeed, TICRR-8A did not
interact with the BRD2 ET domain in the yeast two-hy-
brid (Fig. 2B,C), suggesting that these eight residues are re-
quired for the TICRR–BRD2 interaction (Fig. 2B,C).
Next, we examined whether TICRR and BRD4 physi-

cally interact in human cells. We treated U2OS nuclear
extracts with benzonase nuclease to eliminate the detec-
tion of an indirect interaction through DNA. We found
that endogenous TICRR coimmunoprecipitated with
BRD4 (Supplemental Fig. S3E). To verify that the
TICRR-BI was necessary for the TICRR–BRD4 interac-
tion, we performed coimmunoprecipitation experiments
with epitope-tagged proteins. We found that mCherry-
BRD4 efficiently coimmunoprecipitated with EGFP-
TICRR but not with EGFP-TICRR-ΔBI, which lacks ami-
no acids 1485–1660, or EGFP-TICRR-8A, which is the
full-length TICRR proteinwith eight amino acid substitu-
tions (Fig. 2B,D). In contrast, mCherry-BRD4 efficiently
coimmunoprecipitated with EGFP-TICRR-7A, a mutant
with substitutions in theChk1 interaction site (Fig. 2B,D).

Figure 1. The C terminus of TICRR is necessary for normal spatio-
temporal patterns ofDNA replication. (A) Diagramof TICRRproteins
used to rescue endogenous TICRR knockdown. CDK phosphoryla-
tion sites (Ser969 and Thr1001) and regions interacting with MTBP,
TOPBP1, or Chk1 are marked. (B) EdU incorporation and DNA con-
tent were measured by flow cytometry following siRNA knockdown
of TICRR. (C ) Quantitation of data inB. EdU signal intensity was nor-
malized to that of U2OS cells. Mean ± SD. (∗∗∗∗) P = 0.0001. (D) Pat-
terns of EdU-labeled replication sites in control (siCTRL) or TICRR
(siTICRR) siRNA transfected cells expressing siRNA-resistant
TICRR transgenes. Patterns characteristic of early, mid, and late S
phase are shown. (E) Representative EdU-labeled nuclei from cells ex-
pressing the Δ1545-stop transgene. Abnormal patterns observed in
siTICRR transfected cells are shown. (F ) U2OS cells expressing full-
length (full) or Δ1545-stop orΔ1806-stop truncationswere transfected
with siCTRL or siTICRR, and then patterns were counted.
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Since BRD proteins bind to acetylated histone
H4, we tested whether EGFP-TICRR might coimmuno-
precipitatewith acetylated histones via BRD2/4 (Dhalluin
et al. 1999). Indeed, endogenous acetylated histone H4
coimmunoprecipitated with EGFP-TICRR, and the inter-
action was reduced with EGFP-TICRR-ΔBI or EGFP-
TICRR-8A (Fig. 2D). To examine whether the BET inter-
action affects TICRR chromatin binding, we took two ap-
proaches. First, we washed nuclei of U2OS cells
expressing EGFP-TICRR or EGFP-TICRR-8A with in-
creasing salt and quantified TICRR on immunoblots.
Consistent with its binding to chromatin, endogenous
TICRR and EGFP-TICRR resisted extraction by NaCl be-
low 300 mM (Supplemental Fig. S4). In contrast, EGFP-
TICRR-8A was extracted at 150 mM NaCl, indicating a
weaker interaction (Supplemental Fig. S4). We also tested
whether the BET interaction influences TICRR chroma-
tin binding in live cells by evaluating EGFP-TICRRmobil-
ity using fluorescence recovery after photobleaching
(FRAP) (French et al. 2008; Filippakopoulos et al. 2010).
FRAP in EGFP-TICRR cells took more than twice as
long as in EGFP-TICRR-8A cells (230 sec vs. 100 sec for
50% recovery), indicating increased mobility of the
TICRR-8A mutant (Fig. 3A–C). Notably, photobleached

EGFP-TICRR fluorescence recovers slower in early S
phase than in late (P < 0.0001), but its late S-phase recov-
ery is still slower than that of EGFP-TICRR-8A (Fig. 3D).
These data show that chromatin association of the
TICRR-8A mutant was reduced compared with wild-
type TICRR, and together suggest that BET proteins re-
cruit TICRR to acetylated chromatin.

To evaluate the function of the TICRR-8A mutant, we
generated U2OS cells expressing an siRNA-resistant
TICRR-8A transgene. Consistent with the TICRR-
Δ1545-stop mutant, the TICRR-8A mutant largely res-
cued the DNA synthesis defect in TICRR knockdown
cells (TICRR-kd-8A) (Fig. 4A,B). To determine whether
the TICRR-kd-8A rescue cells had slower S-phase progres-
sion over a longer time course, we followed the cell cycle
progression of EdU-labeled cells over 5 h. We found that
the EdU-labeled TICRR-kd-8A rescue cells entered and
exited S phase at the same rate as control cells (Supple-
mental Fig. S5A–C). Thus, despite affecting the mobility
of TICRR in the nucleus, impairing the TICRR–BET pro-
tein interaction did not alter the overall rate of DNA
synthesis.

Given that chromatin acetylation has been linked to
spatiotemporal control of replication, we hypothesized
that the abnormal replication patterns in the TICRR-kd-
Δ1545-stop rescue cells were caused by disruption of the
TICRR–BET interactions (Casas-Delucchi et al. 2011).
We scored TICRR-kd-8A rescue cells for early, mid, or
late S-phase replication patterns and indeed found a reduc-
tion of nuclei with the mid-S-phase pattern (P < 0.0001,

Figure 3. BET proteins recruit TICRR to chromatin. (A) Representa-
tive nuclei of cells expressing EGFP-tagged TICRR or TICRR-8A. The
square marks the area photobleached. Images were taken at the indi-
cated times after photobleaching. (B) Relative fluorescence in the
bleached region for replicate FRAP experiments in which images
were taken every 10 sec. (C ) Times to 50% fluorescence recovery
for experiments shown in B. Fifty percent recovery times were calcu-
lated from fitted curves. Mean ± SD. (∗∗∗∗) P < 0.0001. (D) Times to
50% recovery for FRAP of synchronized cells in early or late S phase.
Mean ± SD. (∗∗) P = 0.0042; (∗∗∗∗) P < 0.0001.

Figure 2. TICRR interacts with BRD2 and BRD4 through a con-
served cluster of amino acids. (A) Diagrams showing BRD2, BRD4,
and TICRR regions that interacted in yeast two-hybrid assays (see
Supplemental Fig. S5). (B) TICRR mutations used in C and D. (C,
left to right) Yeast two-hybrid serial dilutions. Growth without ade-
nine (Ade) and histidine (His) indicated a bait–prey interaction.
TICRR fragments (Val1484–Cys1646) and BRD2 (Ser561–Pro706)
were used as bait and prey, respectively. (D) Immunoblots of anti-
GFP immunoprecipitations from cells expressing the indicated
mCherry and EGFP fusion proteins. Input lysate (2.5% of total) or
anti-EGFP immunoprecipitate (30% of total) blots were probed with
EGFP (for TICRR), mCherry (for BRD4), or endogenous acetylated
histone H4 (AcH4) antibodies.
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two-way ANOVA) and the appearance of nuclei with ab-
normal patterns, which appeared to be a blending of early
and mid-S phase patterns in which there was a ring of rep-
lication foci around the periphery of the nucleus, charac-
teristic of mid-S phase, with a high number of small foci
in the nuclear interior, characteristic of early S phase
(Fig. 4C,D; Supplemental Fig. S6A). To quantify the pat-
tern blending, we identified nuclei with peripheral EdU
staining and measured EdU fluorescence intensity across
the widths of those nuclei. Consistent with our qualita-
tive scoring, we found that TICRR-kd-8A rescue nuclei
with peripheral EdU also had a higher level of EdU signal
in the nuclear interior than control cells (Supplemental
Fig. S6B). This is consistent with a higher level of simulta-
neous early and mid-S-phase DNA replication in the
TICRR-kd-8A rescue cells.
The early/mid blended patterns could be a result of a de-

lay in the completion of euchromatin replication and/or
precocious replication of peripheral heterochromatin. To
uncover when during S phase the abnormal patterns in
TICRR-kd-8A rescue cells arise, we visualized progression

through the timing programusing a double-labeling proto-
col (Supplemental Fig. 7; Sansam et al. 2015). Replication
focus patterns at the start of each experiment were stably
marked with EdU. After washing out unincorporated
EdU, we incubated the cells for up to 8 h and fixed them
so that sites of ongoing replication at the later time point
could be visualized by immunofluorescent labeling of
PCNA.We then scored both the EdU and PCNA focus pat-
terns as early, mid, late, or abnormal in individual cells.
We focused on cells displaying the early S-phase pattern

with the first label (EdU) and determined how replication
patterns in those cells changed over time by evaluating
the PCNA localization. In control cells (TICRR-kd-WT
rescue cells), we observed the expected early-to-mid-to-
late progression of replication focus patterns (Supplemen-
tal Fig. S7A,B). The EdU and PCNA labeling were identi-
cal and reflected early patterns in all cells at time
0. Control cells with mid patterns appeared at 2 h and in-
creased between 4 and 8 h. By 8 h, many of the cells with
early EdUpatterns displayed either a late pattern of PCNA
staining or no PCNA staining, indicating that they had ex-
ited S phase. In contrast, the TICRR-kd-8A rescue cells
progressed through the spatial patterns abnormally. In-
stead of progressing tomid-S phase, the TICRR-kd-8A res-
cue cells progressed from the early pattern to the
abnormal blended pattern, which increased in proportion
over time (Supplemental Fig. S7A,C). Comparedwith con-
trol cells, a smaller proportion of TICRR-kd-8A rescue
cells progressed into mid-S phase by 8 h (X2 [4, n = 277]
= 30.09, P < 0.0001). These results indicate that in the
TICRR-kd-8A cells, the early S-phase replication pattern
is not resolved before replication at the nuclear periphery
begins.
The slower resolution of the early S-phase replication

pattern in the TICRR-kd-8A cells indicated that the rate
of euchromatin replication was impaired, yet this seems
to contradict our observation that overall EdU incorpora-
tion rates were not reduced. One possibility is that FACS
analysis of EdU incorporation is not sensitive enough to
detect the level of DNA replication change in TICRR-
kd-8A U2OS cells. We wondered whether another cell
type might be more dependent on the TICRR–BET inter-
action and would yield a stronger DNA synthesis pheno-
type. U2OS cells have a relatively long S phase in which
there is a high level of temporal separation between early,
mid, and late S phase. Furthermore, we showed that over-
expression of wild-type TICRR by itself is insufficient to
stimulate DNA synthesis in U2OS cells, indicating that
its expression level is not limiting in that cell type. We
found that HeLa cells have a shorter S phase, and the ex-
pression level of TICRR limits the rate of DNA synthesis.
Thus, we generatedHeLa cell lines stably expressingwild-
type or TICRR-8A transgenes from a single locus. Overex-
pression of wild-type TICRR in HeLa cells stimulated
DNA synthesis by itself and rescued the DNA synthesis
defect caused by endogenous TICRR knockdown (Fig.
4E,F). In contrast, overexpression of TICRR-8A failed to
rescue and even suppressed EdU incorporation by itself,
indicating that it is a dominant-negative mutant (Fig.
4E,F; Supplemental Fig. S8). Together, our analyses
show that the TICRR–BET interaction is important for
DNA replication, and, in U2OS cells, the effect preferen-
tially manifests as a delay in the completion of early
replication.
We next asked whether inhibiting BET proteins would

phenocopy the TICRR-8A mutant. The BET protein

A B

C D

E
F

Figure 4. The TICRR–BET interaction is required for normal pro-
gression through the replication timing program. (A) EdU incorpora-
tion and DNA content in U2OS cells or cells expressing siRNA-
resistant TICRR-8A were measured by flow cytometry following
TICRR knockdown. The purple boxes mark EdU-positive cells, and
the green arrows indicate EdU levels. (B) Quantitation of data in A.
EdU signal was normalized to that of U2OS. Mean ± SD. (∗∗∗∗) P =
0.0001. (C ) Patterns of EdU-labeled replication sites in control
(siCTRL) or TICRR (siTICRR) siRNA transfected cells expressing
the siRNA-resistant TICRR-8A transgene. Patterns characteristic of
early,mid, and late S phase and abnormal patterns are shown. (D) Pro-
portions of cells in C with the indicated replication patterns. (E,F )
Representative profiles of EdU incorporation and DNA content in
HeLa cells (E) and quantitation for three experiments (F ) as in B.
Mean ± SD. P < 0.05.
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family is comprised of four highly similar paralogs, two of
which were identified in our yeast two-hybrid screen as
TICRR interactors. Therefore, we usedMZ1, a small mol-
ecule that induces degradation of all BET proteins (Zen-
gerle et al. 2015). MZ1 treatment of U2OS cells for 3 h
caused nearly complete loss of BRD4 (Fig. 5A). To mini-
mize effects before S-phase onset, we added MZ1 to
U2OS cells released from a thymidine block and moni-
tored S-phase progression at 3, 6, 9, and 12 h (Fig. 5B–D).
The MZ1-treated cells synthesized DNA and exited S
phase slower than cells treated with the cis-MZ1 control
compound (Fig. 5B,D). MZ1-treated cells also progressed
slower through the timing patterns (Fig. 5C). Like the
TICRR-kd-8A rescue U2OS cells, the MZ1-treated cells
delayed progression into mid-S phase, and a higher frac-
tion of MZ1-treated cells had early/mid blended spatio-
temporal patterns (Fig. 5C).

Prior to this study, Rif1 was the only known site-specif-
ic regulator of DNA replication initiation and timing in
mammals (Cornacchia et al. 2012; Yamazaki et al.
2012). The TICRR–BET interactions that we describe
here provide the first evidence that chromatin acetylation
directly regulates DNA replication by physically recruit-
ing replication factors.Where TICRR binds in the genome
is unknown, but our model predicts that it preferentially
binds to acetylated chromatin through the BET–protein
interaction. Breaking the TICRR–BET interaction in
U2OS cells appeared to preferentially affect the synthesis
of euchromatin, while it had a stronger effect on overall
DNA synthesis in HeLa cells. Additional work is needed
to understand why some cell types would be more depen-
dent on the TICRR–BET interaction than others, but our
data suggest that TICRR can be recruited to origins
through multiple mechanisms. Epigenetic control of
DNA replication timing may influence transcriptional
states and minimize collisions between transcription
and DNA replication machinery (Lande-Diner et al.
2009; Petryk et al. 2016). Therefore, the discovery of the

TICRR–BET interaction opens experimental avenues for
examining how epigenetic control of replication influenc-
es transcription and genome stability.

Materials and methods

Cell synchronization

U2OS cells were synchronized by sequential treatment with 100 ng/mL
nocadazole for 12 h and 2 mM thymidine for 18 h before releasing into
fresh medium with 1 µM MZ1 or cis-MZ1 (R&D Systems).

Immunofluorescence

EdU labeling and the EdU/PCNA double-labeling experiments were done
as described in Sansam et al. (2015). Image names were coded, and the im-
ages were mixed before scoring based on replication patterns defined in
O’Keefe et al. (1992). For quantitative analysis, four independent measure-
ments of the fluorescence intensity at each pixel across the nucleus of the
cell were calculated (ImageJ).

Statistical analysis

Mean EdU intensity in Figures 1C and 4, B and F, was calculated frommul-
tiple independent experiments, and differences between means were as-
sessed with two-way ANOVA. Error bars represent standard deviations of
themean. P-values were corrected using the Bonferronimethod. For Figure
1C, U2OS n = 8, TICRR wild-type n = 8, TICRR-Δ1545-stop n = 6, and
TICRR-Δ1806-stop n = 5. For Figure 4B, U2OS n = 7, TICRR wild-type n =
9, and TICRR-8A n = 5.
In Figures 1F, 4D, and 5C, means of percentages from three independent

experiments are plotted as stacked bars. The error bars represent standard
deviations of the means. For each experiment, at least 100 EdU-positive
cells were scored for every cell line and condition (siCTRL, siTICRR,
and MZ1). Differences between means were evaluated using two-way
ANOVA. The P-values were corrected using the Bonferroni post-test.
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